Purpose This three-arm feasibility controlled trial examined whether different exercise modalities provide reductions in depression symptoms to cancer survivors with elevated depression. Methods Thirty-two participants (58.9 ± 9.4 years) were allocated to a 12-week supervised exercise group (EX; n = 10), a selfmanaged home-based exercise group (SMHB; n = 8), or a usual care control group (CONT; n = 14). EX performed two supervised resistance and aerobic sessions per week. SMHB were provided with printed material about benefits of exercise and encouraged to complete 150 min of exercise weekly. CONT received no exercise or printed material and were encouraged to maintain usual activity. Results A group × time interaction was found for the primary outcome of depression scores, measured using the Hospital Anxiety and Depression Scale (HADS-D; p = .008). SMHB (6.4 ± 5.3 to 2.2 ± 2.9, p = .006) and EX (6.9 ± 4.2 to 4.0 ± 2.4, p = .021) interventions both effectively reduced HADS-D scores compared to CONT (7.2 ± 2.5 to 7.7 ± 3.6). SMHB decreased depression to a greater extent, and this occurred more rapidly with greatest changes noted at 6 weeks (d = 0.50). Further favourable outcomes for exercise were also noted for several secondary outcome measures. Conclusion The rate of exercise-related reduction in depression is influenced by the modality of exercise. However, increasing the duration of the programme appears to diminish the favourable short-term response to self-managed exercise with subsequent secondary outcomes of mental health favouring supervised exercise.
to clinically disruptive depression compared to the noncancer population [2, 3] . Comorbid depression has been linked with increased mortality [3, 4] , decreased adherence to treatment [5] , and reduced quality of life [6] . A meta-analysis conducted to examine the effect of depression on mortality in cancer survivors revealed a 25% increase in all-cause mortality for depressed cancer survivors, despite no relationship between depression and disease progression [3] , suggesting that increased mortality may be due to adverse health hazards stemming from depression rather than cancer.
Traditionally, depression has been treated using pharmacotherapy; however, the prescription of additional medications for cancer survivors can exacerbate adverse treatment effects and, in certain cases, is known to negatively interact with curative chemotherapy treatments [7] . Moreover, antidepressant medication may itself cause several adverse effects including metabolic imbalance, elevated blood pressure, or sleep problems [2] . Exercise is recognised to minimise these negative effects while simultaneously alleviating fatigue, a common somatic symptom of depression, which does not appear to be improved with medication or other behavioural therapies [8] . Lopresti and colleagues reported depression is associated with mitochondrial dysfunction and a reduced number of mitochondria, which are responsible for energy production within cells [9] . This biochemical response may explain the relationship between increased fatigue and mood disorders [10] . However, fatigue is further compounded in patients with comorbid depression and cancer as it is a known common adverse effect of cancer treatment and therapy [11] . Furthermore, fatigue can be long lasting and continue to affect a cancer survivor long after the completion of treatment [11] . Further, increasing evidence has emerged that exercise decreases depression [12] and may provide a therapeutic benefit similar to antidepressant medication [13] . Side effects and health complications caused by cancer and its treatment often make exercising difficult; nonetheless, guidelines stipulate that cancer survivors should avoid inactivity and state that exercise is safe during and following treatment [14] .
Many cancer survivors suffer from symptoms of depression without ever receiving a clinical diagnosis limiting their ability to access traditional psychological assistance [15] . It has been acknowledged that distress screening is important for cancer survivors, and therefore, if such screening is routinely implemented, in the future, more patients may be provided with the opportunity to seek help [16] . However, some individuals prefer not to receive psychological counselling or in certain cases psychiatric and psychological support may not be consistent with religious beliefs or other personal or cultural values [17] . Therefore, using exercise as an alternative therapeutic option for depression could provide these individuals with access to acceptable and affordable treatment.
Unfortunately, limited research has examined whether exercise reduces depression in cancer survivors with comorbid depression. Based on evidence suggesting that physical exercise can decrease depression in clinically depressed patients without cancer [12, 18] , it is feasible that similar effects could be found with depressed cancer survivors. Therefore, cancer survivors that are depressed, particularly the 30% that reportedly do not respond positively to prescribed pharmacotherapy [19] , are likely to attain improvements in their physical and mental health from exercise.
The aim of this feasibility controlled trial was to examine the effect of two commonly prescribed exercise training protocols on depression and associated psychological and functional outcomes. Furthermore, in order to elucidate the impact of the two different exercise alternatives (supervised training or self-managed home-based exercise), these were compared to a usual care control group and to one another.
Methods

Study outline
To ensure only suitable participants were enrolled in the study, screening for depression or elevated depressive symptomatology was conducted. In total, 1309 cancer survivors, over 18 years of age who had made at least one visit to their referring specialist (oncologist or surgeon) in the past 36 months, were invited to participate (Fig. 1) . Every cancer survivor was sent an information pack in the mail with a reply-paid envelope provided. The pack contained a participant information letter, the Hospital Anxiety and Depression Scale (HADS), a self-rated depression scale (SRDS) based on the nine items used to diagnose depression according to the Diagnostic and Statistical Manual for Mental Disorders (DSM-IV-TR, current version at time of data collection), and a modified Godin Leisure Time Questionnaire. In addition, two specific questions Bhave you previously been diagnosed with depression by a medical professional (GP, psychiatrist, clinical psychologist)^and Bare you currently being treated for depression? (e.g., taking antidepressant medication or treatment from a clinical psychologist or psychiatrist)^were used to identify patients with established clinical depression. Screening measures have been described previously [20] .
Participants
Thirty-two cancer survivors participated with only 18 consenting to randomization in this feasibility controlled trial. These 18 participants were allocated into either a supervised exercise group (EX) or a self-managed home-based (SMHB) exercise group, stratified for current treatment of depression ('yes' or 'no'), but not accounting for whether that treatment was pharmacological or psychological, and baseline levels of physical activity (more or less than 150 min of exercise per week). The remaining 14 participants agreed to act as a usual care control group (CONT), only completing the questionnaire component of the study via postal mail (Table 1) . Patients in the two exercise groups were required to obtain GP consent, and all participants provided informed consent. The study was approved by the Human Research Ethics Committee of the university and the two participating hospitals. A priori power analysis (80% at an alpha level of .05) determined that a sample size of 90 participants, 30 per group, was required to detect a change in the primary outcome of depression. This was calculated based on an expected 60% reduction of depressive symptoms in the intervention groups and a 30% reduction in the usual care group as well as accounting for a dropout of~20% which can be expected in exercise intervention studies [21] .
Assessments were conducted at three points: baseline, week 6, and post-intervention (week 12). Assessments were at least 24 h after exercise sessions and no more than 7 days after the last training session, for the final assessments. The control group did not present for physical assessments and only completed the questionnaire data.
Exercise interventions
The EX group performed two 60-min sessions per week consisting of both resistance and aerobic training. All sessions were conducted in a local fitness centre or an exercise clinic and were supervised by an accredited exercise physiologist. Each session comprised 20 min of aerobic exercise, 30 min of resistance training, and a 5-min warm-up and cool-down. Resistance exercises targeted upper and lower body including chest press, leg press, lat pulldown, leg extension, seated row, leg curl, step-up, bicep curl, and triceps pushdown. To elicit maximal strength gains, the number of sets and repetitions were manipulated over the course of the intervention commencing with two sets of 12 repetitions and ending with four sets of 6 repetitions [22] . Aerobic exercise was performed on a variety of ergometers at a heart rate of 65 to 90% of estimated heart rate maximum (220 bpm less age of participant). Participants in this group were also encouraged to accumulate 150 min of aerobic activity outside of the two supervised sessions and provided with a home exercise diary to record this.
The SMHB group received an exercise information booklet and were requested to complete at least 150 min of aerobic exercise per week in sessions of 10 min or more. Home-based participants were also requested that, in order to assist them in adhering to the exercise, they would receive weekly telephone calls, during which time they could discuss their exercise activity and any study-related questions [23] . The exercise booklet contained generic information about physical activity, health benefits of exercise, depression-specific effects of exercise, methods of measuring exercise intensity, and a log book section used to record all exercise over the 12-week period. However, no specific exercise prescription was provided either in the booklet or verbally during follow-up telephone calls.
This study used a pragmatic design, and therefore, the two programmes were not matched for the exercise selection or intensity.
Outcome measures
The primary outcome of depression was measured using the depression subscale of the Hospital and Anxiety Depression Scale (HADS-D) [24] . The HADS-D has been shown to be a valid, reliable, and sensitive test to examine depressive symptoms [25] and has been extensively used with cancer patients [7] as it does not include somatic measures of depression commonly experienced by cancer patients.
Several secondary outcomes were also measured. Anxiety was assessed according to the anxiety subscale (HADS-A) of the HADS [24] . Quality of life was recorded using the Short Form-36 v2™ (SF-36) [26] . The questionnaire has eight subscales that are averaged to produce two composite scores relating to physical health (PHC) and mental health (MHC). Physical activity was determined using a modified version of the Godin Leisure-Time Exercise Questionnaire (GLTEQ) [27] . Two changes to the original questionnaire were made. First, the minimum session duration was reduced from 15 to 10 min to be in accordance with the current minimum session duration suggested by the American College of Sports Medicine [28] . A second modification involved asking participants to record the average duration of each session. Objective physical measures included maximal concentric muscle strength for the chest and leg press [20] and a 400-m corridor walk test [29] indicative of aerobic capacity, physical functioning, and mobility [30] .
Statistical analysis
All results were analysed using per-protocol (PP) analysis to explain actual changes for participants that completed the entire intervention. Due to the small sample size, PP results are more stringent within this feasibility study. Analysis was performed to examine equivalence of the three groups at baseline. One-way analysis of variance (ANOVA) tests with Bonferroni adjustment were used for ratio and interval data, and chisquared tests were used to compare categorical data. Mixed model, two-factor ANOVA was conducted comparing the three groups across the three assessment times. Outcomes that produced a significant interaction effect were examined further by comparing the change in means over time for each of the three groups using a one-way ANOVA with Scheffé post hoc tests. Analyses could have been conducted using a multivariate ANOVA (MANOVA) because there were multiple dependent and independent variables. MANOVA would have initially been more stringent. However, if significance were 
Results
Depression
A significant group × time interaction effect was found for depression (p = .008). Depression decreased consistently over time in both exercise groups, whereas the initial drop for CONT was followed by an increase resulting in a final score exceeding baseline values. One-way ANOVA revealed significant differences between EX and CONT (p = .021) and between the SMHB and CONT (p = .006) over the 12 weeks. The initial 6 weeks produced greater decreases in depression for SMHB (d = 0.50), but overall, there was a smaller effect favouring SMHB (d = 0.30) as EX depression decreased further towards the end of the programme (Fig. 2 , Table 2 ).
Anxiety
No statistically significant interaction effect was found for HADS-A (p = .141). However, when comparing anxiety responses between exercise groups, EX produced greater improvements after the first 6 weeks (d = 0.64) which were maintained albeit at a reduced level over the entire 12-week period (d = 0.33).
Quality of life
No interaction effects were found for PHC, with minimal changes throughout the intervention. Conversely, MHC displayed significant interaction effects (p = .005); over the 12-week period, both exercise groups increased MHC scores whereas CONT demonstrated a decrease (Table 2) . Significance was due to the change in mean scores over the entire intervention between EX and CONT (p = .036) as well as the interaction between SMHB and CONT during the first 6 weeks (p = .029).
There was a moderate difference at baseline for the PHC between the two exercise groups (d = 0.47) with SMHB reporting higher scores. Nevertheless, SMHB was able to produce a greater increase from baseline to the mid-point testing session compared with EX (d = 0.56). EX continued to improve their MHC from weeks 6 to 12 whereas SMHB decreased resulting in a higher MHC for EX on completion.
Physical activity
A consistent trend was found whereby all three groups reported an initial increase in total exercise engagement followed by a decrease in the second 6-week period of the intervention (Table 3 ). This resulted in no significant group by time effects. A similar trend was also found for exercise performed at a moderate level or above. Interestingly, only the control group was performing fewer minutes of high-intensity exercise at the conclusion of the programme than at baseline.
The two exercise groups performed similar amounts of physical activity at baseline, yet EX was noticeably performing more high-intensity activity (d = 0.85). Cohen's effect sizes confirmed that over the 12-week intervention, the total exercise volume increased equally in both groups; 
Maximal strength, aerobic fitness, and function
Maximal upper and lower body strength increased over the duration of the intervention for both groups. A small favourable effect for EX on lower body strength was noted (d = 0.40). The time to complete the 400-m test decreased in both groups, by a similar magnitude and rate of change after accounting for baseline differences (Table 4) .
Discussion
The benefits of exercise for depressed patients and its effects on reducing the toxicity related to cancer treatment have been well documented. However, to date, there is limited research examining how exercise may manage depression in depressed cancer survivors. Regardless, it has been reported that exercise is well tolerated in both male and female cancer survivors and also may be effective at managing moderate and severe depression in this population [7] . Therefore, we conducted the first-known study to examine whether exercise training performed either in a supervised manner or self-managed homebased mode would reduce depression and have associated positive mental health benefits. Both exercise groups showed a large decrease in depression (− 49.9%) over the duration of the intervention compared to an increase (+ 6.2%) reported by the control group. The outcomes for the two exercise groups were similar after 12 weeks; however, there was a notable difference in the time course for changes between the two different exercise interventions. SMHB had a more rapid reduction in depression. Although no previous research has examined the effect of exercise on depressed cancer survivors, our results are in line with other reports of 40-55% reduction in depressive symptoms compared to only 20-30% decrements in control groups [18, 31] .
During the first 6 weeks, there was a more rapid and greater decrease in depression for SMHB in accordance with previous research that indicated a considerable and rapid reduction in depression (− 41%) was possible after only a brief 10-day aerobic exercise intervention [31] . Interestingly, our 6-week findings conflict with a metaanalysis suggesting that supervision during exercise is associated with lower depression scores [32] . However, SMHB participants maintained regular communication through weekly telephone calls with the study coordinator, during which exercise routines and exercise engagement were discussed. This contact may have sufficiently mimicked supervision and the social rapport and appears to be confirmed by the findings of Hayes and colleagues who reported similar exercise outcomes for breast cancer survivors engaging in either a face-to-face exercise programme or one delivered via telephone [33] . Additionally, improvement in depression for both exercise groups could be due to social comparison. As participants became aware of other cancer survivors with similar depressive symptoms, they normalised their situation and began to feel less depressed [34] .
Our result that depressive symptoms improved in both groups also conflicts with previous findings suggesting that intensity is proportional to decrements in depression, particularly for resistance-type training [18] . Nonetheless, the optimal type and intensity of exercise to manage depression remains unclear; we demonstrated that either a supervised programme incorporating heavy strength training or a self-managed, home-based, low-intensity exercise programme was able to improve depression in depressed cancer survivors. Similar to depression, physical activity appears to have a protective and therapeutic effect on anxiety [19] . A review by Jayakody and colleagues examined eight randomised controlled trials and reported that exercise appears to be beneficial in reducing clinical anxiety, but to a lesser extent than pharmacotherapy [35] . Since it has been reported that anxiety is more prevalent than depression in cancer patients [36] , our findings, despite statistical non-significance, could be clinically meaningful. Both exercise groups reduced anxiety compared to CONT; however, due to the small sample size this result was not statistically significant. When comparing the two exercise groups to one another, effect size calculations indicated that over the 12-week intervention EX was more effective for reducing anxiety despite SMHB evoking a more rapid improvement in anxiety.
Although it has been suggested that there is a close relationship between anxiety and depression [37] , the results described above suggest that using exercise to manage these disorders requires a targeted approach. Depression responded most favourably to SMHB, whereas anxiety responded best to EX, particularly over the first half of the intervention. Since there has been considerably less research examining the effect of exercise on anxiety, particularly in cancer survivors, these results provide a useful addition to the current body of knowledge in this field.
MHC, from the SF-36, reflected positive responses to exercise initiation for both exercise groups, whereas CONT declined over the 12-week intervention. There was a similar increase in MHC scores between the two exercise groups, suggesting commencing and committing to an exercise programme can produce mental health gains.
Our 12-week exercise intervention was representative of previous exercise studies for depression [38, 39] , and the 24 supervised sessions replicated the number of sessions used in a landmark exercise and depression study [18] . Our results revealed no significant interaction effect for either the total amount of time spent exercising or the relative intensity of the activity performed. This suggests the positive psychological changes, favouring the exercise groups compared to CONT, may have occurred independently of any change in physical activity. Therefore, psychological mechanisms such as mastery, distraction, or increased self-esteem are likely responsible, at least in part, for changes reported above. Other possible mechanisms not examined which can account for improvement in depression independent of physical or physiological outcomes may be that mental health and quality of life increase in cancer survivors who feel more in control of their lives [40] , and those patients and survivors who take positive action to deal with their cancer diagnosis and treatment-related effects have better mental health outcomes [41] . The act of commencing or enrolling in the programme may be sufficient to elicit feelings of self-empowerment and proactivity which could translate to improvements as reported above.
Yet both exercise groups increased their total amount of physical activity over the intervention, and this increase coincided with a greater amount of higher intensity exercise. This provides some rationale to suggest that the positive outcomes related to psychological mechanisms may also depend on an increase in exercise intensity, more than an increase in frequency or total duration. Perhaps, physiological changes mediate these outcomes; however, since the control group did not perform the physiological tests, our study is unable to confirm this relationship. The current study found maximal chest press strength increased by 8.5 to 18.5%, and maximal lower body strength increased between 9.9 and 30.3%. These changes are comparable in magnitude to a similar intervention examining exercise outcomes for men with prostate cancer [22] . In accordance with the principle of specificity, smaller strength gains were expected for the home-based group that did not undertake supervised and progressive strength training [42] . However, it is not uncommon for strength to increase even after completing aerobic only exercise and the SMHB increases align with previously reported results indicating an aerobic-only exercise group increased lower and upper body strength by 13.7 and 11.8% respectively [43] .
The number of exercise sessions performed throughout the intervention was similar between the two groups, indicating that exercise adherence and uptake was not compromised for SMHB. Additionally, no adverse events related to exercise were reported. Only one participant withdrew from the supervised programme after completing 11 sessions. Excluding the withdrawn participant, there was a 93.3% compliance with supervised training over the 12-week intervention. Of the eight SMHB participants, two withdrew based on the dissatisfaction of not being allocated to EX, and the third participant lost to follow-up was unable to attend testing sessions and therefore was not included in the analysis. Most participants (n = 5) lost to follow-up were in the control group; since all communication with CONT was via post, reasons for withdrawal were not obtained. We acknowledge that our small sample size restricts the ability to compare our findings with exercise oncology studies that have employed larger numbers of participants. Additionally, based on preliminary calculations indicating that 30 participants would be required in each group, the study is underpowered. Nonetheless, even with only 32 participants, significant findings were apparent including the primary outcome of depression. Due to this low sample size, the results should be interpreted with caution and the study should be considered as a feasibility study, with a larger randomised controlled trial required to confirm our results. Further, the authors acknowledge the use of multiple analyses of the dependent variables leads to an increased likelihood of a type I error. However, since the replication of results is more indicative of a significant and meaningful difference than the outcomes of a single study [44] , we determined the risk of increased type I error was acceptable and provides greater benefit than the reporting of a type II error in this exploratory study.
Additionally, no long-term follow-up measures were recorded, and therefore, it remains unknown whether the immediate benefits would continue beyond the length of the exercise intervention. It is feasible that participants may have regressed post-intervention. However, previous research in clinically depressed individuals (not cancer survivors) reported that exercise was associated with a reduced likelihood of relapse into depression 6 months after completing an exercise programme, however, only if positive lifestyle changes continued [45] . Therefore, there is a need to examine whether depressed cancer survivors are able to sustain lifestyle modifications over the longer term.
In conclusion, this three-arm feasibility trial was the first to examine the effect of exercise in a cohort of cancer survivors with comorbid depression and, despite the small sample size, results unequivocally supported the beneficial effects of either a supervised clinic-based or home-based exercise programme to decrease depressive symptoms compared to usual care. Additionally, favourable outcomes for secondary measures of mental health were also evident. After a 12-week period, supervised exercise tended to produce the best results; however, the rate of improvement typically favoured earlier improvements for self-managed home-based exercise. Since exercise programme variables (e.g., activity, intensity, and frequency) influence the overall outcomes and the time response to achieve these results, practitioners should adhere to principles of specificity when prescribing exercise for mental health outcomes and the type of exercise prescribed should account for individual preferences. A notable strength of the current study was that no adverse effects were reported as a result of the exercise interventions. Since correctly prescribed exercise is unlikely to cause any physical or psychological harm and may indeed be beneficial, there appears to be sufficient evidence to include physical exercise within the management plan of all cancer survivors, especially those with elevated levels of depression.
